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TI Analysis of a glucose tetrasaccharide elevated in Pompe disease 

by stable isotope dilution-electrospray ionization tandem 

mass spectrometry 
AB Patients with glycogen storage disease type 

II (GSD II) typically excrete increased amts . of a glycogen-derived 

glucose tetrasaccharide , Glcal-6Glcal-4Glcal-4Glc 

(Glc4), in the urine. With the. . . of treatment. Glc4 is a good 

candidate biomarker for GSD II. A simple and robust method using stable 

isotope dilution-electrospray ionization -tandem mass 

spectrometry for the anal, of Glc4 in biol . samples was developed. 

A 13C6-labeled stable isotope internal standard was synthesized by 

transglycosylation . 
ST glucose tetrasaccharide mass spectrometry glycogen 

storage disease urine 
IT Blood analysis 

Blood plasma 

HPLC 

Human 

Isotope dilution mass spectrometry 
Quality control 
Urine analysis 

(anal, of a glucose tetrasaccharide elevated in Pompe disease 
by stable isotope dilution-electrospray ionization tandem 
mass spectrometry) 
IT Tandem mass spectrometry 

(electrospray-ionization; anal, of a glucose tetrasaccharide elevated 
in Pompe disease by stable isotope dilution-electrospray 
ionization tandem mass spectrometry) 
IT Electrospray ionization mass spectrometry 

(tandem; anal, of a glucose tetrasaccharide elevated in Pompe 
disease by stable isotope dilution-electrospray ionization tandem 
mass spectrometry) 
IT Glycogen storage disease 

(type II; anal, of a glucose tetrasaccharide elevated in Pompe 
disease by stable isotope dilution-electrospray ionization tandem 
mass spectrometry) 
IT 35175-16-7 

RL: ANT (Analyte) ; DGN (Diagnostic use); ANST (Analytical study); BIOL 

(Biological study) ; USES (Uses) 

(anal, of a glucose tetrasaccharide elevated in Pompe disease 
by stable isotope dilution-electrospray ionization tandem 
mass spectrometry) 
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TI Determination of oligosaccharides in pompe disease by 

electrospray ionization tandem mass 

spectrometry 

AB ... need for biochem. markers to monitor the efficacy of therapy and 
methods to quantify these markers in biol. samples. In Pompe 
disease, the concentration of a tetrasaccharide, consisting of four glucose 
residues, is reputedly increased in urine and plasma, but faster, 
oligosaccharides, from biol. fluids. Methods: We optimized the 
derivatization of storage oligosaccharides with l-phenyl-3-methyl-5- 
pyrazolone for the measurement, by electrospray ionization tandem 
mass spectrometry, of oligosaccharide concns . in urine 
(n = 6) , plasma (n = 11) , and dried-blood spots (n = 17) from 
Pompe-af f ected individuals. Age-matched control samples of urine 



(n = 10), plasma (n = 28), and blood spots (n = 369) were. . . mean 
tetrasaccharide concentration was increased in urine from infantile-onset 
(0.69-12 mmol/ mol . of creatinine) and adult-onset (0.22-3.0 mmolfmol of 
creatinine) Pompe individuals compared with age-matched 

controls. In plasma samples, an increased tetrasaccharide concentration was 
observed in some infantile patients (up to. . . determine oligosaccharide 
concns . in a single 3 -mm blood spot, but no differences were observed between 
blood spots from control and Pompe -affected individuals. 

Conclusions: Measurements of oligosaccharide concns. in urine by this new 

method have potential application for the diagnosis and monitoring of 

patients with Pompe disease. Plasma anal, may have limited 

application for infantile patients, but anal, of blood spots does not 

discriminate between controls. 
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TI Diagnostic methods for Pompe disease and other glycogen 
storage diseases 

AB The invention concerns methods of screening subjects for lysosomal storage 
diseases, preferably glycogen storage diseases 

, using a tetrasaccharide as a biomarker. In a more preferred embodiment, 

subjects are screened for Pompe disease (i.e., glycogen 

storage disease type II) . Also provided are neonatal 

screening assays. The present invention further provides methods of 

monitoring the clin. condition and efficacy of therapeutic treatment in 

affected subjects. Further provided are methods of measuring a 

tetrasaccharide biomarker by tandem mass 

spectrometry, preferably, as part of a neonatal screening assay 

for Pompe disease. 
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Blood analysis 
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IT Standard substances, analytical 

(internal; diagnostic methods for Pompe disease and other 

glycogen storage diseases) 
IT Ecology 

(population; diagnostic methods for Pompe disease and other 
glycogen storage diseases) 
IT Glycogen storage disease 
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IT Electrospray ionization mass spectrometry 
Mass spectrometry 

Tandem mass spectrometry 
Time-of -flight mass spectrometry 

(peptide mass determination by; peptide based DNA sequence identification 

and 

anal, and application to detection of polymorphism, mutations, and 
disease diagnosis) 
IT Glycogen storage disease 

(type II; peptide based DNA sequence identification and anal, and 
application to detection of polymorphism, mutations, and disease 
diagnosis) 
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TI Liquid chromatographic assay for a glucose tetrasaccharide, a putative 

biomarker for the diagnosis of pompe disease 
AB ... tetraglucose, normally excreted in the urine, has previously been 

shown to be elevated in a number of pathol . conditions including 



Pompe disease (glycogen storage 

disease type II) , which is caused by a deficiency of the lysosomal 
enzyme acid a-glucosidase . Concns . of Glc4 in both urine. 
1-5, 6-10, 11-20, and >20 yr, both in normal individuals and in a cohort 
of 21 patients with enzymically confirmed Pompe disease. The 

Glc4 concentration decreased with age in both groups, but all the patients had 
elevated Glc4 levels compared with age -matched controls. Electrospray 
tandem mass spectrometry was employed to 

establish the homogeneity of the HPLC peak for Glc4 and to investigate the 
identity of other unusual. . . urine. Our results demonstrate that 
this method is suitable for application in clin. labs, to help establish 
the diagnosis of Pompe disease. (c) 2 000 Academic Press. 
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(type II, diagnosis/prognosis of; methods and materials for 
peptide-based DNA sequence determination and anal.) 



=> d 12 1-6, iall 



L2 ANSWER 1 OF 6 
ACCESSION NUMBER : 
DOCUMENT NUMBER: ^ 
ENTRY DATE: % $J 

TITLE: 



AUTHOR (S) 



CAPLUS COPYRIGHT 2 004 ACS on STN 
2003 : 311407 CAPLUS 
140 : 90078 

Entered STN: 23 Apr 2 003 

Analysis of a glucose tetrasaccharide elevated in 
Pompe disease by stable isotope 
dilution-electrospray ionization tandem 
mass spectrometry 

Young, Sarah P.; Stevens, Robert D.; An, Yan; Chen, 
Yuan-Tsong; Millington, David S. 
Department of Pediatrics, Division of Medical 
Genetics, Biochemical Genetics Laboratory, Duke 
University Medical Center, Research Triangle Park, NC, 
27709, USA 

Analytical Biochemistry (2003), 316(2), 175-180 
CODEN: ANBCA2; ISSN: 0003-2697 
Elsevier Science 
Journal 
English 

9-5 (Biochemical Methods) 
Section cross -reference (s ) : 1 

ABSTRACT: 

Patients with glycogen storage disease type II 

(GSD II) typically excrete increased amts. of a glycogen-derived glucose 
tetrasaccharide, Glcal-6Glcal-4Glcal-4Glc (Glc4) , in the 

urine. With the advent of a new enzyme replacement therapy for GSD II, there 
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is a need for early identification of patients with this disease and for 
monitoring the efficacy of treatment. Glc4 is a good candidate biomarker for 
GSD II. A simple and robust method using stable isotope dilution-electrospray 
ionization-tandem mass spectrometry for the anal. 

of Glc4 in biol. samples was developed. A 13C6-labeled stable isotope internal 
standard was synthesized by transglycosylation using a recombinant ct-amylase. 
Bu 4 -aminobenzoate derivs . of Glc4 and the internal standard were analyzed using 
multiple reaction monitoring. This method was shown to be accurate and precise 
by the repeated anal, of calibrators and quality control samples in urine and 
plasma. There was good agreement with a high-performance liquid chromatog . -uv 
method for urine samples, whereas there was less agreement with plasma samples. 
Accurate determination from dried urine spot samples was also demonstrated. This 
method is amenable to high- throughput anal., a necessary prerequisite for mass 
screening for GSD II. 
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disease by electrospray ionization tandem 
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ABSTRACT : 

Background: The development of therapies for lysosomal storage disorders has 

created a need for biochem. markers to monitor the efficacy of therapy and 

methods to quantify these markers in biol . samples. In Pompe 

disease, the concentration of a tetrasaccharide, consisting of four glucose 

residues, 

is reputedly increased in urine and plasma, but faster and more sensitive 
methods are required for the anal, of this, and other oligosaccharides, from 
biol. fluids. Methods: We optimized the derivatization of storage 
oligosaccharides with 1 -phenyl -3 -methyl -5 -pyrazolone for the measurement, by 
electrospray ionization tandem mass spectrometry, 

of oligosaccharide concns. in urine (n = 6), plasma (n = 11), and dried-blood 

spots (n = 17) from Pompe-af f ected individuals. Age-matched control 

samples of urine (n = 10), plasma (n = 28), and blood spots (n = 369) were also 

analyzed. Results: The mean tetrasaccharide concentration was increased in urine 

from 

infantile-onset (0.69-12 mmol/ mol. of creatinine) and adult-onset (0.22-3.0 
mmolfmol of creatinine) Pompe individuals compared with age -matched 
controls. In plasma samples, an increased tetrasaccharide concentration was 
observed in 

some infantile patients (up to 22 umol/L) compared with age-matched controls 
(mean, 2.2 nmol/L) . The method developed was sensitive enough to determine 
oligosaccharide concns. in a single 3 -mm blood spot, but no differences were 
observed between blood spots from control and Pompe-af f ected 

individuals. Conclusions: Measurements of oligosaccharide concns. in urine by 
this new method have potential application for the diagnosis and monitoring of 
patients with Pompe disease. Plasma anal, may have limited 
application for infantile patients, but anal, of blood spots does not 
discriminate between controls and affected individuals. 
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ABSTRACT : 

The invention concerns methods of screening subjects for lysosomal storage 
diseases, preferably glycogen storage diseases, 

using a tetrasaccharide as a biomarker. In a more preferred embodiment, 
subjects are screened for Pompe disease (i.e., glycogen 
***storage*** disease type II) . Also provided are neonatal 

screening assays. The present invention further provides methods of monitoring 
the clin. condition and efficacy of therapeutic treatment in affected subjects. 
Further provided are methods of measuring a tetrasaccharide biomarker by 
***tandem*** mass spectrometry, preferably, as part of a 
neonatal screening assay for Pompe disease. 
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ABSTRACT : 

Rather than examining a DNA mol . by analyzing the DNA itself, in the invention 
described here the DNA is incorporated into a hybrid artificial gene that is 
transcribed and translated to produce a hybrid peptide. Phys . anal, of the 
peptide, in conjunction with informatic anal, of the reference sequence, allows one 
to identify the sequence of the DNA mol. Specifically, the mass and/or composition 
and/or partial or complete amino acid sequence of the hybrid peptide is determined, 
and the data are used to search for matches in data sets produced by in silico 
transcription and translation of hybrid artificial genes created in silico 
using the reference sequence, or using transformations of the reference sequence 
such as 

single nucleotide deletions or substitutions thereof. This peptide-based 
approach to DNA sequence -determination is fundamentally different from all other 
methods in the art, none of which employs transcription, translation and 
peptide anal., as does the instant invention. The anal, of peptide reporters 
provides a number of clear advantages over anal, of the DNA sequences that encode 
them. One advantage derives from the fact that a peptide is considerably 
smaller than the DNA that encodes it (individual amino acids avs . about 110 Da 
each whereas the trinucleotides (triplets) that encode them average over N Daltons 
each) . Another advantage derives from the fact that peptides are much more 
diverse in composition than nucleic acids, as they are composed of combinations of 
20 different amino acids instead of combinations of 4 different nucleotides. 
The method can be applied to the identification of genetic mutations and 
polymorphism, phenotypes, genotyping, disease diagnosis or prognosis. Computer 
based database, storage medium, and programs for searching and analyzing the 
data sets, are also claimed. Sequence of the nucleic acid fragments 
corresponding to the human nucleolin gene and alpha complementing factor of 
beta-galactosidase gene were correctly identified by the method utilizing 
MALDI-TOF mass spectrometry anal, of the peptides. Specific genetic mutations 
and polymorphism were also identified. A computer program for calculating the mass 
shifts arising from single nucleotide substitutions was developed. 
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ABSTRACT : 

A HPLC method associated with butyl -p-aminobenzoate derivatization has been 



developed for the anal, of a tetraglucose oligomer, Glcctl-6Glcal- 

4Glcal-4Glc / designated Glc4, in biol . fluids. This tetraglucose, 

normally excreted in the urine, has previously been shown to be elevated in a 

number of pathol . conditions including Pompe disease (glycogen 

***storage*** disease type II) , which is caused by a deficiency of 

the lysosomal enzyme acid a-glucosidase . Concns . of Glc4 in both urine 

and plasma were established for the age ranges of <1 # 1-5, 6-10, 11-20, and >20 

yr, both in normal individuals and in a cohort of 21 patients with enzymically 

confirmed Pompe disease. The Glc4 concentration decreased with age in both 

groups, but all the patients had elevated Glc4 levels compared with age-matched 

controls. Electrospray tandem mass spectrometry 

was employed to establish the homogeneity of the HPLC peak for Glc4 and to 
investigate the identity of other unusual oligosaccharides excreted in patient 
urine. Our results demonstrate that this method is suitable for application in 
clin. labs, to help establish the diagnosis of Pompe disease. (c) 
2000 Academic Press. 
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ABSTRACT : 

A nucleic acid fragment of interest is incorporated into a hybrid artificial 
gene and expressed in one or more reading frames to produce one or more hybrid 
polypeptides. The polypeptides are examined with respect to one or more phys . 
parameters, such as mass or amino acid composition The observed parameter values 
are 

used to search a data set of predicted parameter values generated by 
hypothetical translation of a larger reference nucleic acid sequence so as to 
determine 

whether or not the fragment is contained within the reference sequence, and, if it 

is contained therein, to determine its sequence and/or coding capacity. The method 

can be applied to the identification of genetic mutations and polymorphism, 

phenotypes, genotyping, disease diagnosis or prognosis. Computer based 

database, storage medium, and programs for searching and analyzing the data 

sets, are also claimed. Sequence of the nucleic acid fragments corresponding 

to the human nucleolin gene and alpha complementing factor of 

beta-galactosidase gene were correctly identified by the method utilizing 

MALDI-TOF mass spectrometry anal, of the peptides. Specific genetic mutations 

and polymorphism were also identified. A computer program for calculating the mass 

shifts arising from single nucleotide substitutions was developed. 
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